A polyphasic taxonomic study was performed on two Gram-positive-staining, anaerobic, pleomorphic, rod-shaped strains isolated from human bone and tissue samples. Sequencing of the 16S rRNA genes revealed that the strains belong to a novel species within the genus Propionibacterium, most closely related to Propionibacterium acnes subsp. acnes and Propionibacterium acnes subsp. elongatum with similarity values of 98.4 % and 98.1 %, respectively. In addition, protein-coding genes for rpoB, recA and gyrB clearly separated the novel organism from all species and subspecies of the genus Propionibacterium. However, a DNA-DNA hybridization analysis between the novel organism and the type strain P. acnes ATCC 6919
commonly associated with these infections. Propionibacterium acnes is the most frequent species, usually reported in approximately 10 % of cases, but is probably underestimated (Portillo et al., 2013) . P. acnes is responsible for delayed infections occurring three to 24 months or more after prosthesis implantation. This bacterium is frequently associated with shoulder prosthesis or spinal-device-related infections linked with this ecological niche (sebaceous follicles) (Aubin et al., 2014) . Based on serological agglutination and cell-wall sugar analysis, two phenotypes of P. acnes, designated types I and II, were identified (Johnson & Cummins, 1972) . Studies by McDowell and colleagues employing molecular methods not only confirmed these two types but revealed a third type (McDowell et al., 2005 (McDowell et al., , 2008 . Recently, Dekio et al. (2015) formally proposed that types I/II represent P. acnes subsp. acnes and type III represents a second subspecies, P. acnes subsp. elongatum (Dekio et al., 2015) . The present investigation focused on clinical material recovered from a human bone biopsy and the characterization of a P. acnes-like organism isolated. Based on the results reported here, strain NTS 31307302 T is considered to represent a novel species of the genus Propionibacterium.
Strains NTS 31307302
T and NTS 132061508 were isolated from clinical samples recovered from a 21-year-old male patient during the surgical treatment of a tibia external fixator infection. Strain NTS 31307302
T was recovered from a bone biopsy and strain NTS 132061508 was isolated from tissue around the device near the tibia. Strain NTS 132061508 was found to be identical to strain NTS 31307302 T in 16S rRNA gene sequence analysis, matrixassisted laser desorption/ionization time-of-flight (MALDI-TOF) MS, randomly amplified polymorphic DNA (RAPD) analysis, biochemical profiles and antibiotic susceptibility patterns and, therefore, is likely to be clonal in nature to NTS 31307302 T ; strain NTS 31307302 T was selected as the type strain and used for further taxonomic investigations. The strain was grown at 37 C on Schaedler agar plates (Becton Dickinson) in an anaerobic workstation (Don Whitley Scientific) under anaerobic conditions (80 % N 2 / 10 % H 2 /10 % CO 2 ). Colonial morphologies of 4-day-old Schaedler agar plate cultures were viewed by means of a dissecting microscope. The morphology of Gram-stained cells harvested from 2-day-old Schaedler plate cultures was determined by light microscopy at Â1000 magnification. Cell motility in hanging-drop preparations of 18 h cultures from peptone-yeast extract-glucose broth (BD Difco) was determined by examination using phase contrast microscopy at Â400 magnification. After 6 days of incubation on Schaedler plates, colonies were 2 mm in diameter, circular, entire, high-convex to dome-shaped, from pale cream to orange salmon and opaque with a solid non-translucent internal appearance. A b-haemolysis was observed around colonies from 3-day-old agar plates supplemented with 5 % horse blood or Schaedler agar plates. Growth at different temperatures, pH and NaCl concentrations was determined on brain heart infusion broth (BD) aerobically. This isolate was presumptively identified as P. acnes by using biochemical methods (Gram-stain morphology, catalase and indole reactions). Enzyme profiles were generated with the Rapid ID32A anaerobe and the Api Coryne identification kits (bioM erieux), according to the manufacturer's instructions, using bacteria harvested from 2-day-old Schaedler agar plates.
Using these systems, strain NTS 31307302 T can clearly be differentiated from its closest relatives (Table 1) ; however, as demonstrated by Dekio et al. (2015) , there are fewer tests that are reliable for the differentiation of the subspecies of P. acnes (Table S1 , available in the online Supplementary Material). Further, metabolic characterization of the type subspecies of P. acnes was performed by the BIOLOG system following the manufacturer's instructions. Briefly, strain NTS 31307302 T was cultivated on BUA agar supplemented with 5 % defibrinated sheep's blood for 24 h and used to inoculate an AN MicroPlate. The AN MicroPlate was incubated at 37 C under anaerobic conditions for 72 h. All tests were performed in duplicate. Again, the two species could be clearly differentiated on the test performed (Table S2) .
Two different mass spectrometry systems [Vitek MS (bio-M erieux) and MALDI biotyper (Bruker Daltonics)] were employed to further discriminate between species. The Vitek MS provided low discrimination identification with different taxa (P. acnes, Propionibacterium avidum, Propionibacterium spp.) (data not shown). The Bruker MALDI-TOF MS system (under the significant threshold) also provided identification values to a number of species of the genus Propionibacterium (data not shown). Therefore, strain NTS 31307302 T could not be classified in any of the known species of the genus Propionibacterium in the databases used, which strongly suggested that strain NTS 31307302
T represented a novel organism.
Fatty acid methyl ester (FAME) analysis was performed at the CCUG, Sweden, using standard protocols for members of the genus Propionibacterium. In brief, GC was performed using a system similar to that of the MIDI Sherlock MIS system (www.ccug.se/pages/CFA_method_2008.pdf) as described by Miller (1982) and Sasser (1990) . Cells were grown for 2 days on chocolate agar (brain heart infusion, Difco) under anaerobic conditions at 37 C. Analysis was carried out with a Hewlett Packard HP 5890 gas chromatograph equipped with a phenylmethylsilicone fused-silica capillary column (HP-5 25 mÂ0.2 mmÂ330 µm film thickness) and a flame ionization detector. Hydrogen was used as the carrier gas. The temperature programme was initiated at 170 C and increased at 5 C min À1 to a final temperature of 270 C. Integration of peaks and further calculations were performed by a HP 3396A integrator. FAMEs were identified and quantified, and the relative amount of each fatty acid was expressed in terms of the percentage of total fatty acids in the profile of the strain. The fatty acid profile was determined to contain three major products: iso-C 15 : 0 (57.6 %), anteiso-C 15 : 0 (12.0 %) and iso-C 17 : 0 (14.7 %) and smaller amounts of C 16 : 0 , (3.9 %), anteiso-C 17 : 0 (2.7 %), C 18 : 1 !9c (3.2 %), C 18 : 0 (1.6 %) and a summed feature containing C 18 : 2 !6,9c and/or anteiso-C 18 : 0 (4.4 %). The major products were branched fatty acids consisting of iso-C 15 : 0 and anteiso-C 15 : 0 that are common to many species of the genus Propionibacterium; but in addition, the novel species appeared to be unique in producing major amounts of iso-C 17 : 0 (14.7 %), which is present in significantly smaller amounts in other species (Table S3 ). Wholecell hydrolysates were examined by TLC for the presence of meso-or LL-diaminopimelic acid isomers by the methods of Schumann (2011).
16S rRNA gene amplification and sequencing were performed with universal primers 27f and 1492r as previously described yielding a 1424 bp fragment (Aubin et al., 2011) . According to the BIBI database (https://umr5558-bibiserv. univ-lyon1.fr/lebibiPQP/lebibiPQP.cgi), the patristic distances analysis revealed that the 16S rRNA gene sequence of strain NTS 31307302
T was most closely related to that of P. acnes ATCC 6919 T , with a similarity value of 98.4 % similarity. The most closely related sequences were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm (Myers & Miller, 1988) , which was implemented at the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . These sequences and those of other related strains were aligned with the newly determined sequence using the program CLUSTAL W, and a phylogenetic tree was reconstructed in MEGA version 6 using the neighbour-joining method from distance matrices (Tamura et al., 2013) . The topology of the phylogenetic tree demonstrated that the novel strain shares a branching node with P. acnes subsp. acnes and P. acnes subsp. elongatum. Other close relatives include P. avidum (97.1 %) and Propionibacterium propionicus (93.4 %), with the remainder of the species being more distantly related (Figs 1 and S1). A similar tree topology was found when the maximum-parsimony algorithm was applied to the same dataset (Fitch, 1971) . Furthermore, the 16S rRNA gene sequence of strain NTS 31307302
T was compared with 86 sequences representing the different P. acnes types at the molecular level (Fig. S2) . The results clearly showed that the different types of P. acnes cluster as a distinct cluster well separated from the novel organism.
In order to further clarify the degree of relatedness of strain NTS 31307302 T and P. acnes, protein-coding genes were used. These genes exhibit much greater genetic variation and can be used for classification and identification of closely related taxonomic groups (Case et al., 2007; Cole et al., 2010) : rpoB , recA and the highly conserved gyrB gene. Amplification and sequencing were also performed by using P. acnes-specific rpoB primers and primers that were specific for the rpoB gene of P. avidum designed from an alignment of rpoB sequences from this species (Table S4 ). The 3261 bp fragment obtained matched that of P. acnes KPA171202 (GenBank accession number AE017283) and of P. avidum 44067 (GenBank accession number CP005287), with 90 % similarity according to BLAST (http://www.ncbi.nlm.nih.gov.gate2. inist.fr/BLAST) analysis. BIBI database (https://umr5558-bibiserv.univ-lyon1.fr/lebibiPQP/lebibiPQP.cgi) analysis confirmed that P. avidum CP005287 is the most closely related sequence based on patristic distances analysis (Fig. 2) . Furthermore, the 1047 bp fragment obtained for recA and the 2073 bp fragment for gyrB matched those of P. acnes KPA171202 with 91.2 % and 89.5 % sequence similarity, respectively. Based on the tree topology and sequence similarities, strain NTS 31307302 T can clearly be differentiated from all other strains of P. acnes. Furthermore, types I, II and III form a tight group with strain 
NTS 31307302 T , clearly well separated ( Figs S3-S6 ). Comparing 104 whole genome sequences available, an organism sequenced within the Human Microbiome Project, strain SK182B-JCVI (AFUN01000007), was found to be almost identical to strain NTS 31307302 T and most likely represents an additional strain from the novel organism reported here.
There is no precise correlation between 16S rRNA gene sequence divergence and species delineation when considering different genera, but it is generally recognised that divergence values of 3 % or more are significant (Stackebrandt & Goebel, 1994) . However, more recent information demonstrates that this value can be decreased to 1.3 % without loss of resolution (Stackebrandt & Ebers, 2006) in that corresponding DNA-DNA hybridization (DDH) values remain below 70 %, the generally accepted limit for species delineation (Wayne et al., 1987) . However, due to its close relationship to P. acnes ATCC 6919 T (98.4 % sequence similarity) but still below the revised similarity value (98.7 %) recommended by Stackebrandt & Ebers (2006) , to clarify the taxonomic position at the species level, DNA-DNA relatedness was examined. Analysis was performed by the DSMZ-Identification Service (Braunschweig, Germany) using the method of De Ley et al. (1970) , with modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). The level of DNA relatedness between strain NTS 31307302 T and P. acnes ATCC 6919 T , its closest phylogenetic relative, was 61.1 %. A DDH value equal to or higher than 70 % has been recommended as a suitable threshold for the definition of members of a species (Brenner, 1973; Johnson, 1973; Johnson et al., 1984; Stackebrandt & Goebel, 1994; Tindall et al., 2010; Wayne et al., 1987) . However, the current practice of obtaining these measures between two strains is shifting from experimentally determined similarity obtained by DDH to genome-sequencebased similarity. Average nucleotide identity (ANI) is a simple algorithm that mimics DDH. The program OrthoANI (Lee et al., 2016) was used to compare strain NTS 31307302 T and P. acnes subsp. acnes ATCC 6919 T , the type strain of the type subspecies. The OrthoANI value was found to be 88.5 %, which is significantly below the 95 % value (that corresponds to the recommended cut-off point of 70 % DDH) now used routinely for species delineation (Goris et al., 2007; Konstantinidis et al., 2006; Richter & Rosselló-Móra, 2009 
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Propionibacterium avidum ATCC 25577 T (KF906606) Fig. 1 . Neighbour-joining tree based on 16S rRNA gene sequences showing the phylogenetic placement of strain NTS 31307302 T (in boldface) among members of the genus Propionibacterium. Fourteen 16S rRNA gene sequences selected from the GenBank database were aligned with that of strain NTS 31307302
T by using MEGA6 (www.megasoftware. net). Accession numbers are indicated after the species names. The figure shows the optimal tree; the sum of the branch lengths for 16S rRNA genes was 0.53668558. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair. There were a total of 1469 positions in the final dataset. Evolutionary analyses were conducted in MEGA6. Bar, substitutions per nucleotide position.
subspecies relationships (Konstantinidis et al., 2006; Richter & Rosselló-Móra, 2009; Yi et al., 2014) .
Collectively, the data presented clearly shows that the novel organism represents a novel member of the genus Propionibacterium. Support for the assignment to a separate species status is also derived from differential metabolic traits (Tables 1, S2 and S3) . Furthermore, support for the separation of the novel organism from P. acnes and its two subspecies comes from a recent report by Scholz et al. (2014) using a high-resolution single locus sequencing typing method specific for P. acnes used to investigate mixed populations of this species. The target gene is found at nucleotide positions 1 462 788-1 463 607, immediately upstream of the gene PPA1340 encoding the CAMP factor 1, and partially overlapping with the flanking hypothetical gene PPA2385 specific to P. acnes. When applied to strain NTS 31307302 T , the specific primers failed to amplify the target. An examination of the whole genome sequence revealed that this gene is absent from the novel organism; thus supporting a difference at the genetic level when compared with P. acnes and its subtypes.
Taken together the phenotypic, chemotaxonomic, molecular genetic and phylogenetic findings demonstrate that strain NTS 31307302
T is a representative of a distinct, albeit closely related, species to P. acnes. Thus, we consider that the unknown bacterium from clinical bone and deep tissue merits classification as a representative of a novel species in the genus Propionibacterium. Phenotypic characteristics that distinguish this strain from type strains of related species and subspecies of the genus Propionibacterium are shown in Tables 1 and S1-S3 and Figs S3-S6. Strain NTS 31307302   T was aesculin-negative, gelatinase-positive and b-haemolytic like most P. acnes strains except those from phylotypes II and III (Corvec et al., 2015) or other species such as P. avidum. In particular when compared with the type strain of P. acnes, it was negative for arginine dihydrolase, proline arylamidase and pyrrolidonyl arylamidase and failed to ferment D-mannitol. Strain NTS 31307302 T grew within a pH range from pH 4.0 to 10.0, with 4 % NaCl, and was found to be aerotolerant as was previously described for other members of the genus Propionibacterium, especially Propionibacterium microaerophilum and Propionibacterium acidipropionici (Lucena-Padrós et al., 2014) . Nevertheless, weak growth was observed at pH 4.0 and 10.0 while growth identical to the control was observed at pH 5.0 or 8.0. Likewise, weak growth was observed at 20 C and 42 C under aerobic conditions whereas the growth was identical at 30 C compared with that observed at 37 C (Patrick & McDowell, 2012) . Thus, the same range of pH was observed for growth of strain NTS 31307302 T as observed by Greenman et al. (1983) , where growth occurred between pH 4.0 to 9.0, for three species of cutaneous propionibacteria. It is pertinent to note that while biochemical methods are not particularly useful in the differentiation of strain NTS 31307302
T from P. acnes subsp. acnes and P. acnes subsp. elongatum, the ubiquitous use of gene sequencing of 16S rpoB, recA and gyrB and commercial fatty acid identification systems in most laboratories (especially in clinical settings) are the most appropriate methods that can offer rapid identification of isolates represented by stain NTS 31307302 T . Although, phenotypic and biochemical tests that are differential for NTS 31307302 T and P. acnes subsp. elongatum are few in number, the use of 16S rpoB, recA and gyrB gene sequence analysis clearly separates representative strains of these organisms. In addition, advanced genomic methods T by using MEGA6 (http://www.megasoftware.net). Accession numbers are indicated after the species names. The figure shows the optimal tree; the sum of branch lengths for rpoB genes was 1.05448188. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site. Codon positions included were 1st+2nd +3rd+Noncoding. All ambiguous positions were removed for each sequence pair. There were a total of 3843 positions in the final dataset. Evolutionary analyses were conducted in MEGA6. Bar, substitutions per nucleotide position.
are now being increasingly used to delineate species where clear-cut phenotypic information is lacking (Yi et al., 2014) .
In conclusion, on the basis of phenotypic, genotypic, chemotaxonomic and phylogenetic characteristics, we propose that the organism recovered from bone and deep tissue be considered as a novel member of the genus Propionibacterium for which the name Propionibacterium namnetense sp. nov. is suggested.
Description of Propionibacterium namnetense sp. nov.
Propionibacterium namnetense (nam.ne.ten¢se. N.L. neut. adj. namnetense of Namnetum the Latin name of Nantes, France, where the organism was originally isolated).
The description is based on two strains isolated from clinical samples performed during the surgical treatment of a tibia external fixator infection. Cells are Gram-positive-staining, non-spore-forming, non-motile, pleomorphic bacilli (0.7-0.8Â1.5-7 µm), anaerobic to aerotolerant. After 6 days of anaerobic incubation on Schaedler blood agar plates, colonies are 2 mm in diameter, circular, entire, high-convex to domeshaped, from pale cream to orange-salmon and opaque with a solid, non-translucent internal appearance. Growth in broth media produces a moderate turbidity. Grows at a temperature range of 20 to 42 C (with optimal growth at 35 C), at a pH range from pH 4.0 to 10.0 and in the presence of 4.0 % NaCl. No growth is observed after pasteurization at 80 C for 10 min. Using the API Rapid ID 32A kit, a positive reaction is observed for N-acetyl-b-glucosaminidase, a-glucosidase, bgalactosidase, indole, nitrate reduction, alanine arylamidase, glycine arylamidase and serine arylamidase. No activity is detected for alkaline phosphatase, a-arabinosidase, arginine arylamidase, arginine dihydrolase, a-galactosidase, b-glucuronidase, 6-phospho-b-galactosidase, glutamyl glutamic acid decarboxylase, glutamic acid arylamidase, a-fucosidase, histidine arylamidase, leucine arylamidase, phenylalanine arylamidase, proline arylamidase, pyroglutamic acid arylamidase, tyrosine arylamidase or urease. This pattern corresponds to Rapid ID 32A profile 2503320604. T is susceptible to amoxicillin, amoxicillin/clavulanic acid association and vancomycin but is resistant to metronidazole.
The type strain, NTS 31307302 T (=DSM 29427 T =CCUG 66358 T ), was isolated from surgical samples of human bone infection, Nantes, France. The DNA G+C (mol%) content of the type strain is 59.7 mol%.
